The immunological responses of an animal are changing continually in response to perceived environmental changes. This is because the genetic background, the lifelong environment of animals and their interaction greatly influence immunological responsiveness. An animal's genetic background influences all factors related to immunocompetence. Among these are age of onset of immunocompetence, responsiveness to specific antigens, antibody titers, type of antibody and immune response, as well as the persistence of the responses. Defense by immunity must require considerable resources, because chickens with a high antibody response are smaller and have poorer feed efficiencies than those chickens whose antibody response is lower. An increase in the effectiveness of one defensive factor may result in reduced effectiveness of another factor. For example, chickens selected for a high antibody titer response to antigen have reduced effectiveness of macrophages. Environmental stresses influence the immune response. Stress at the time of the animal's contact with antigen results in a reduced antibody response. After the antibody response begins, stress has little effect. Stress promotes the sensitization of cell-mediated immunity but inhibits its effectiveness. A short-term stressor such as weaning is followed, in about 24 h, by a short period of reduced immunocompetence, even though lymphoid mass may be reduced. Reduced immunocompetence during stressful periods can be reduced by employing adrenal blocking chemicals, or by socializing animals to their handlers.
Introduction
Immunity is an important secondary defense following an animal's initial contact with a given pathogen. In response to antigens associated with the agent, the immune system produces antibodies that neutralize and sensitize T cells, which destroy the agent. It is especially effective in the defense against subsequent exposure to the same agent. One of the most important functions of the immune system is the protection of animals early in life. Immunization of animals against a wide variety of pathogens is one of the most important procedures for protecting farm animals from disease. Animals can fail to become adequately immunized for a wide variety of reasons. The purpose of this report is to explore some of the genetic and environmental factors that we have Received September 30, 1987 . Accepted January 4, 1988 found to affect the immune response. Titers of antibody will be expressed as the exponent of the logarithm to the base 2.
Genetic Factors
When unselected stocks of chickens are exposed to antigens, a wide range of antibody titers are produced. In order to investigate this, lines of chickens were selectively bred for either a high (HA) or low (LA) antibody response 5 d after the i.v. administration of .1 ml of a .25% suspension of sheep erythrocytes (SRBC; Siegel and Gross, 1980) . This relatively low dose had resulted in a nearly maximal range of titers (Gross, 1979) . Another selection experiment was made for high (HP) or low (LP) antibody titers 21 d after the administration of SRBC antigen . A third selection was made for high (HC) or low (LC) plasma corticosterone response to social stress After several generations of selection, antibody titers 5 d after i.v. inoculation of SRBC for HA and LA chickens were 9.0 and 5.0, respectively. Compared with HA chickens, LA chickens were heavier, had superior feed efficiency, matured earlier, layed more eggs and maintained fertility longer; however, their mortality was greater. These differences were apparent only during the first 250 d of life (Siegel et al., 1983) . The LA chickens had larger thymuses, as well as smaller spleens and bursas of Fabricius, than the HA chickens (Ubosi et al., 1985) . Crosses between these two lines showed additive and nonadditive variation, with the degree influenced by the environmental situation.
The production of high levels of antibody must require the expenditure of a great deal of resources, because the HA chickens had lower body weight and poorer feed efficiency than the LA chickens. Similarly, White Rock chickens that were selectively bred for low body weight had higher antibody titers (7.5 vs 4.3) to SRBC than those selected for high body weight. Commercial broilers respond to SRBC with titers that are similar (3.2) to those of the LA line . Among the adaptations that seem to be associated with high antibody response to antigens are larger spleens that contain more B cells and larger and less active macrophages (Biozzi et al., 1982) . Adaptations that favor a high antibody responsiveness tend to result in increased susceptibility to bacterial infections such as Escbericberia coli and Pasturella multocida (Gross et al., 1980a; Lamont et al., 1987) .
In response to the i.v. inoculation of chickens with erythrocyte antigens, peak titers are obtained on d 5, then decline over time. Antibody titers for HP and LP lines were similar 5 d after exposure to erythrocyte antigens. By 21 d postvaccination, titers of the HP birds declined less than those of the controls and LP chickens. No differences between the productivity characteristics of HP and LP chickens were noted. Antibody persistence values of the crosses favor those of the sire line rather than of the dam line . Differences in the stress responses of HC and LC chickens increased with increasing severity of the social stress. The lines reacted Similarly to other stresses. Values for the crosses tended to be closer to those of the LC than to those of the HC parental 'line. The LC chickens were larger than the HC chickens. Antibody response to antigens was slightly greater for LC than for HC chickens, with both being intermediate to the values for the responses of the HA and LA lines, which were selectively bred for maximal titer differences. As stress levels increased, antibody titers decreased more for HC than for LC chickens .
Environmental Factors
Temporal effects between a stressor and antibody responses are important. For example, antibody response of chickens to antigens was reduced 12 and 24 h, but not 48 h, after social stress (Gross and Siegel, 1973) . This observation is consistent with a study in which an injection of adrenocorticotropin between 6 and 24 h prior to antigen injection resulted in reduced antibody titers (Thaxton et al., 1968) . When calves were injected with erythrocyte antigens 1 d after weaning, antibody response was reduced. The reduced antibody response was correlated with an increase in plasma glucocorticoid levels; normal antibody response returned in less than 1 wk (Gwazdauskas et al., 1978) . Following a severe infection, antibody response to the infecting agent may be severely suppressed (Gross and Siegel, 1975) .
In chickens, stressors such as chilling, thirst or overheating during the 1st wk after hatching can have effects that persist for at least 18 wk. Antibody titers of HA chickens were reduced, whereas those of LA chickens were increased. Under good husbandry there is usually a high correlation, within individuals, of titers to different antigens given several weeks apart. If the chickens had been stressed during the 1st wk of life this did not occur . There was no difference in antibody response following 4 mo of exposure to relatively high and low levels of social stress (Gross and Siegel, 1981b ). At an optimal stress level, between the higher and lower stress levels, feed efficiency, productivity and manifestation of genetic traits is maximal . Moreover, the differences between the antibody responses of HA and LA chickens is maximal under these circumstances, and correlation is high between the antibody titers of individual chickens to antigens given many weeks apart (Gross and Siegel, 1981b) .
The relationships among perception of stress, the hypothalamic-pituitary-adrenal axis and immunoresponsiveness may be viewed from several vantage points. For example, the relationship between the dose of corticosterone in the feed and reduction of antibody is linear (Gross et al., 1980b) . Addition of an optimal dose of deoxycorticosterone to the feed (about 100 mg/kg) resulted in an increase in antibody titers. The feeding of corticosterone resulted in an increase in serum gamma globulin, whereas the feeding of deoxycorticosterone resulted in a decrease (Gross and Siegel, 1981a) . A positive socialization of chickens to their human associates resulted in a twofold increase in antibody production. This relationship resulted in an increase in the difference between antibody titers of HA and LA chickens (Gross and Siegel, 1979; Gross and Siegel, 1982) . Correlations between antibody titers of individuals to antigens administered weeks apart also increased (Gross, 1986) .
Relatively high levels of social stress inhibit cell-mediated immunity defense against Marek's disease tumors and coccidiosis. In contrast, social stress at the time of vaccination against coccidiosis resulted in increased immunity (Thompson et al., 1980; Gross, 1972) . This is consistent with the observation that stress at the time of challenge inhibits only cell-mediated immunity to coccidiosis (Gross, 1976) .
Chemicals such as metyropone and 1,1-dichloro-2,2-bis/p-chlorophenyl/ethane, which inhibit the synthesis of corticosterone by the adrenal cortex, inhibit the effects of environmental stress (Gross and Chickering, 1987) . Administration of these chemicals results in rapid remission of Marek's tumors (Gross, 1972) and the deleterious effects of stress on antibody responsiveness (Gross and Siegel, 1973) .
Genotype-Environment Interactions
The effects of genetic-environment interactions on antibody titers are very complex and could be overlooked easily by researchers. These investigations are difficult because they require that at least two genetic stocks be maintained simultaneously in at least two different known environments.
The ability of a .025% suspension of erythrocyte antigen to differentiate between the titers of HA and LA chickens decreased as environmental quality decreased. On an individual bird basis there was a high correlation between erythrocyte antigen titers and subsequent resistance to Mycoplasma gallisepticurn challenge infection (Gross, 1986) .
When the antibody response of socialized chickens was compared to that of ignored chickens, there was a significant increase (8.4 vs 7.3) for HA, but not for LA, chickens (6.2 vs 5.9). The effects of a 40-h fast, compared with no fast, on antibody titers were determined. If the chickens had been ignored there was a significant reduction for both HA and LA chickens (1.1 and 1.7). If, on the other hand, the chickens had been socialized, there was no significant decrease of titers for HA and LA chickens (.1 and .3). In the above comparisons the differences in titers for HA and LA lines was significant. When socialized chickens were subjected to stress during the 1st wk, fasting titers of HA and LA (8.3 and 7.9) lines were no longer significantly different . The presence of genotype-environment interactions suggest complications in developing stocks with high immunocompetence. An intermediate level of immunocompetence may be optimum when production efficiency is considered.
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